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Abstract
Background: The Great East Japan Earthquake occurred at 2:46 p.m. on March 11, 2011. The epicenter was off the
coast of Miyagi prefecture, and the magnitude of the earthquake was 9.0 with a maximum seismic intensity of 7.0.
Although it has already been four years, victims continue to have complex problems. In the stricken areas of Miyagi
prefecture, almost ten percent of the residents continue to live in temporary housing. Life altering events that force
relocation and a change of living environment are known to adversely affect mental health. The purpose of this
study was to examine the mental health of mothers of infants who experienced this disaster in Miyagi prefecture.
Methods: We conducted a survey using The Edinburgh Postnatal Depression Scale (10 months) and The General
Health Questionnaire-28, an efficient screening tool for psychiatric distress. Eight hundred eighty-six mothers of
children born from February to October, 2011 in Miyagi prefecture were surveyed 10, 16, 24, 36 and 48 months
after the disaster. Data were analyzed with the use of SPSS 21.0 J for Windows. The study was approval by the
review board of ethics at Tohoku University.
Results: The questionnaire was answered by the following number of mothers at the specified months after the
disaster: 677 at 10 months, 384 at 16 months, 351 at 24 months, 250 at 36 months and 193 at 48 months. Results at
all time periods indicated a high prevalence of psychiatric distress among the mothers surveyed. The percentage of
Japanese adults with high-risk GHQ-28 scores is 14 %, thus psychological distress among the subjects in the present
study is considerably more widespread. General Health Questionnaire-28 scores were significantly higher for those
mothers experiencing dissatisfaction in their marital relationships. We found that mothers have experienced severe
mental distress since the disaster, which we think is a possible cause of depression that is leading to poor mental health.
Conclusion: The results indicate that the upheaval caused by the tsunami affected the mental health of the mothers.
Psychological distress continued to be prevalent up to four years after the disaster. Different factors were found to be
associated with their distress. The most common issues were economic problems, dissatisfaction in the marital
relationship, and no support with childcare.
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Background
The Great East Japan Earthquake occurred at 2:46 p.m. on
March 11, 2011. The epicenter was off the coast of Miyagi
prefecture, and the magnitude of the earthquake was 9.0
with a maximum seismic intensity of 7.0. The giant tsu-
nami that accompanied the earthquake destroyed many
houses (around 400,000 houses either fully or partially
destroyed) and took many lives (at least 15,000 deaths),
causing devastation over a large area of the eastern coast of
the Tohoku region of Japan. Although it has been four
years after the disaster, 23,132 people in Miyagi prefec-
ture still reside in temporary accommodations (http://
www.fdma.go.jp/bn/higaihou_past_jishin.html). In addition,
the Fukushima nuclear power plant incident occurred and
numerous residents are still unable to return to their home-
town. It is difficult to predict when these people will be able
to return. Even in these harsh circumstances, 19,126 babies
were born in Miyagi prefecture in 2011, and mothers are
currently rearing their children in an earthquake-stricken
living environment.
Even in times without earthquakes, pregnant women
and women who have recently given birth are psycho-
logically susceptible to experiencing a depressed state; in
particular, post-partum depression is known to be a
problem that may prevent a mother from developing an
attachment to her child [1–6]. It is also reported that the
post-partum depression of mothers is correlated with
and influences the depression of fathers [7]. A study on
the effects of the earthquake on the psychophysical con-
dition of mothers and their children was carried out
three years after the great Hanshin-Awaji Earthquake site.
The study results showed that psychophysical effects of
the disaster on mothers and their children from areas with
comparatively lesser damage were seen up to more than a
year after the earthquake [8]. In addition, significant pre-
dictors of postpartum depression associated with the Noto
Peninsula earthquake were ‘anxiety towards the earth-
quake’ and the frequency of childbirth [9].
Accordingly, we recently conducted a continuing survey
of women who were pregnant at the time of the Great
East Japan Earthquake and those in the first month after
childbirth. We surveyed the mothers at 10, 16, 24, 36 and
48 months after the earthquake. Our objective was to as-
sess the physical and mental state of child-rearing mothers
after the earthquake to determine what influence it had
on their physical and mental health.
Methods
1. Subjects
A survey questionnaire was mailed to 3539 women
who were either pregnant or in the early postnatal
stage (within one month of childbirth) living
in Miyagi prefecture at the time of the
Great East Japan Earthquake. The study received
approval from the Ethical Review Board of
Tohoku University. Subjects participated in the
survey of their own free will. We informed the
subjects in writing that they would not suffer any
disadvantage if they did not participate. Subjects
who completed the survey questionnaire returned
it by mail, with 886 women providing consent to
participate (25 % response rate). Although the
study began with these 886 women, a gradual
decrease in respondents due to large scale
relocation was observed, and we had difficulty in
contacting them because the mailing addresses for
the survey slips changed dramatically over time.
However, the subjects who reported were from
among these 886 women.
2. Period of survey
Surveys were conducted in January 2012, July 2012,
March 2013, March 2014, and March 2015.
3. Content of survey
The survey inquired about the attributes and living
circumstances of the subjects and their physical and
mental state as mothers. To assess their physical and
mental condition we used the Edinburgh Postnatal
Depression Scale (EPDS) at month 10 after the
earthquake, which is useful for the assessing
postnatal depressive state. The maximum score
on the EPDS is 30 points, and the cutoff score is
9 points in Japan. Respondents scoring 9 or higher
are at high risk for postnatal depression and require
careful observation. The EPDS can be used for up
to six months after giving birth as a measure of
postnatal depression [10, 11].
Accordingly, we used the General Health
Questionnaire-28 (GHQ-28) to assess the level of
psychological distress of mothers at month 16 or later
after the earthquake. The GHQ-28 is a questionnaire
that can provide information on somatic symptoms,
anxiety/sleep loss, impaired social activity and depressive
tendencies using a single scale. Respondents scoring 6
points or higher on the scale are considered probable
cases of psychiatric disorder [12].
Results
1. Basic attributes of subjects
The study subjects were women who were either
pregnant or were in the early postpartum period
(one month or less following delivery) during the
earthquake. These women were raising children
aged 0–11 months in the 10th month following the
earthquake. This would mean that the subject would
be a mother of a 4–5 years old child in the 48th
month following the earthquake.
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The family size and employment status of the
women are provided in Table 1. At 10 months
after the earthquake the mean age was 31.8 years
(SD = 4.9, range = 17–45 years). For 168 subjects
(24.8 %) this was their first pregnancy and 496
subjects (73.3 %) had experienced at least one
prior pregnancy. The average number of months
after having given birth after the earthquake was 5.4
(SD = 2.5, range = 0–10 months). Three hundred
seventy-five subjects (55.4 %) were employed and
302 subjects (44.6 %) were unemployed.
The mean age at months 16, 24, 36 and 48 after
the earthquake were 33.0 (SD = 4.7), 34.0
(SD = 4.5), 34.5 (SD = 5.0) and 36.4 (SD = 4.6) years,
respectively. At month 24, 129 subjects (36.8 %)
had one child and 222 subjects (63.2 %) had two or
more children.
At month 24, 176 subjects (50.1 %) were employed
and 170 subjects (48.4 %) were unemployed.
At month 36, 128 subjects (51.2 %) were employed
and 119 subjects (47.6 %) were unemployed.
2. Mental state of mothers at each postpartum period
and related factors
(1) Month 10 after the disaster
Of the 677 subjects reporting at month 10 after the
disaster, 145 postnatal women (21.5 %) had an EPDS
score of 9 or higher. In addition, 10 subjects had a
score of 20 or higher (Fig. 1).
Subjects with high scores were those whose homes
were completely destroyed, who were victims of the
tsunami, or who had lost employment (either the
employment of the subject herself or her husband)
(Table 2).
(2) Month 16 after the disaster
Of the 384 subjects reporting at month 16
after the disaster, 256 postnatal women (66.7 %) had
a GHQ-28 score of 6 or higher (Fig. 2).
The related factor found was dissatisfaction with
one’s marital life (Table 3).
(3) Month 24 after the disaster
Of the 351 subjects reporting at month 24 after
disaster, 194 postnatal women (55.3 %) had a
GHQ-28 score of 6 or higher (Fig. 2). The related
factor found was dissatisfaction with one’s marital
life (Table 4).
(4) Month 36 after the disaster
Of the 250 subjects reporting at month 36 after
the disaster, 139 postnatal women (55.6 %) had a
GHQ-28 score of 6 or higher (Fig. 2). Related
factors found were financial worries, (economic
anxiety) and marital dissatisfaction (Table 4).
(5) Month 48 after the disaster
Of the 193 subjects reporting at month 48 after
disaster, 110 postnatal women (56.9 %) had a
GHQ-28 score of 6 or higher (Fig. 2). Related
factors found were financial worries, dissatisfaction
with one’s marital life and not having support with
childcare (Tables 3 & 4).
Discussion
A characteristic feature of this earthquake is that in
addition to the effects of the earthquake itself a giant tsu-
nami struck a wide stretch of the coastal area along the
Sanriku coast, sweeping away almost all homes and work-
places. This unprecedented major disaster destroyed the
infrastructure supporting residents’ daily lives, and many
residents had close friends or family members who were
among those killed. It is easy to imagine that these cir-
cumstances have left the child-rearing generation with no
clear prospects for establishing a future life for themselves,
thus increasing their anxiety.
The fact that many of the mothers with a high risk of
postnatal depression, according to the EPDS survey at
month 10 after the earthquake, were those whose homes
had been completely destroyed or had experienced the
tsunami tells us about the large scope of the influence of
this earthquake. When postnatal depression actually oc-
curs, it is a predisposing factor for attachment disorder
Table 1 Family size and employment status
Month 10 Month 16 Month 24 Month 36 Month 48
January 2012 July 2012 March 2013 March 2014 March 2015
n 677 384 351 250 193
Age 31.8 ± 4.9 33.0 ± 4.7 34.0 ± 4.5 34.5 ± 5.0 36.4 ± 4.6
Number of children (%) 1 168 (24.8 %) ― 129 (36.8 %) ― 38 (19.7 %)
≧2 496 (73.3 %) 222 (63.2 %) 155 (80.3 %)
Unknown 13 (1.9 %) 0 0
Work (%) Employed 375 (55.4 %) ― 176 (50.1 %) 128 (51.2 %) 110 (57.0 %)
Unemployed 302 (44.6 %) 170 (48.4 %) 119 (47.6 %) 83 (43.0 %)
Unknown 0 5 (1.4 %) 3 (1.2 %) 0
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[1–6] in the child, and therefore we have been active in
providing assistance for persons with high-risk EPDS
scores in disaster-affected areas [13–16].
However, continued observation of the mental health
of the same set of mothers, using the GHQ-28, showed
that the percentage of subjects with high-risk scores
remained high over time, with levels of 66.7 % (month 16),
55.3 % (month 24), 55.6 % (month 36), and 56.9 %
(month 48). The percentage of Japanese adults with
high-risk GHQ-28 scores is 14 % [12], thus the psycho-
logical distress among the subjects in the present study
is considerably more widespread. (The GHQ-28 data of
women raising children is not available) It is likely that
the subjects are raising children under such conditions.
Examining possible sources of psychological distress as
indicated by the high-risk GHQ-28 score, marital dissatis-
faction was found at months 16 and 24. In a dangerous
situation, it is likely that the degree of trust between a
husband and wife will be important. Kubo et al. [17] stated
that “in the severely dangerous situation that is a disaster,
mothers take the view that they want to rely on their hus-
bands.” Husbands are looked upon to respond to this ex-
pectation, but there is little prior research into the mental
health or role of fathers during a disaster. It is possible
that fathers in such a situation experience psychological
distress and marital dissatisfaction as well.
At months 36 and 48, marital dissatisfaction was a fac-
tor as well, but in addition there were financial worries.
Ten months following the earthquake, the EPDS score
of non-working mothers was higher than that of working
mothers. The study was conducted at 24, 36, and 48 months
following the earthquake and the percentage of working
mothers increased at every stage. It is reasonable to assume
that mothers had to engage in economic activities. Another
aspect of damage to homes from the tsunami and earth-
quake is the financial burden it has imposed.
Fig. 1 EPDS score 10 months after the disaster. *10–15 % of EPDS takers in JAPAN score over 9 points
Table 2 Association between EPDS score and socioeconomic factors
EPDS SCORE P value
Work employed (375) 4.96 ± 4.38 P = 0.012
unemployed (302) 5.87 ± 4.89
Tsunami experienced (188) 6.40 ± 5.28 P = 0.004
Not experienced (487) 4.93 ± 4.30
Home damage by tsunami damaged (79) 6.62 ± 5.53 P = 0.01
undamaged (595) 5.18 ± 4.48
Home damage by earthquake damaged (17) 8.71 ± 4.93 P = 0.024
undamaged (657) 5.26 ± 4.60
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Those affected by the disaster have been forced to
raise their children in temporary housing, which pro-
vides a poor living environment. The financial situation
of the child-rearing generation may make it difficult to
find a place to live that offers a better environment. In
addition, because many places of work were swept away
by the tsunami, many people may have lost their place
of employment or have jobs that have been suspended
for long periods.
The presence of someone to provide support with
childcare can help mothers with newborn children main-
tain a healthy mental state. Scores on the GHQ-28 at
Fig. 2 GHQ28 score 16, 24, 36, and 48 months after the disaster. *14 % of GHQ28 takers in Japan score over 6 points
Table 3 Association between GHQ-28 score and marital
satisfaction
Time after the disaster Marital satisfaction GHQ-28 score (M ± SD)
16 months (n = 200) Dissatisfied 9.5 ± 5.4*
Satisfied 6.5 ± 4.8
24 months (n = 199) Dissatisfied 11.6 ± 5.4*
Satisfied 6.0 ± 4.8
36 months (n = 232) Dissatisfied 11.1 ± 7.2**
Satisfied 6.5 ± 5.1
48 months (n = 178) Dissatisfied 11.1 ± 5.1**
Satisfied 6.9 ± 5.5
*p < .05. **p < .001
Table 4 Association between GHQ-28 score, anxiety, and support
with childcare
GHQ-28 score GHQ-28 score
36 months 48 months
Economic anxiety 9.1 ± 6.1** 8.6 ± 6.0**
No economic anxiety 4.9 ± 4.3 6.8 ± 5.2
No one to consult about
mother’s anxiety
― 16.5 ± 13.4*
Having person to consult
about mother’s anxiety
7.6 ± 5.6
No one to support mother
with childcare
― 25.0 ± 0.0*
Having person to support
mother with childcare
7.6 ± 0.4
*p < .05. **p < .001
Sato et al. BioPsychoSocial Medicine  (2016) 10:22 Page 5 of 6
month 48 were potentially influenced by having the sup-
port of the husband or the mother’s parents. In addition,
friends can provide psychological support, even if they
do not provide direct or material assistance.
Conclusion
We conducted a survey, from month 10 after the Great
East Japan Earthquake, of women who were pregnant at
the time of the earthquake to investigate their mental
health during subsequent child-rearing and factors such
as postnatal depression and psychological distress. The
following results were found.
(1) At month 10 after the earthquake, 21.5 % of the
subjects were experiencing postpartum depression. The
factors associated with depression were damage suffered
from the earthquake (tsunami damage/damage to houses)
and loss of employment.
(2) The percentage of subjects that were experiencing
psychological distress at months 16, 24, 36, and 48 after the
earthquake were 66.7, 55.3, 55.6 and 56.9 %, respectively,
and the factors associated with their distress were marital
dissatisfaction, financial worries, and not having childcare
support.
Based on this, even though four years have passed since
its occurrence, The Great East Japan Earthquake is antici-
pated to continue to have a huge effect on the psycho-
physical condition of mothers raising children. This will
necessitate continued financial aid along with childcare
and educational support, such as ‘child rearing techniques
and communication within the marriage’.
Acknowledgements
The authors would like to acknowledge and thank the participants who
generously shared their time and answered the questionnaires.
Authors’ contributions
All authors approve the content of this manuscript and have contributed
significantly to the research involved. Ms. KS conceived and designed the
study and secured the finding. Ms. MO and Ms. MH conducted the data
collection. Ms. KS supervised data collection. Ms. KS, Ms. MO, Ms. MH, Ms. MS
and Ms. NO analyzed the data. Ms. KS, Ms. MS and Ms. NO worked with the
discussion.
Competing interests
The authors declare that they have no competing interests.
Received: 21 January 2016 Accepted: 14 June 2016
References
1. Kineko S. The influence by which an eastern Japan great earthquake gave it
to mother mental health. In: Ayuko T, Hitomi K, editors. The Japanese
Journal For Midwives, vol. 66. 2012. p. 858–63 [Jpn].
2. Seki M, Sakuma K. Factors related to the mental health of postpartum
mothers: focusing on the relationship between child-rearing stress and
self-efficacy. Minzokueisei. 2015;81:15–27.
3. Dubber S, Reck C, Muller M, Gawlik S. Postpartum bonding: the role of
perinatal depression, anxiety and maternal-fetal bonding during pregnancy.
Arch Womens Ment Health. 2015;18:187–95.
4. Ohoka H, Koide T, Goto S, Murase S, Kanai A, Masuda T, Aleksic B, Ishikawa N,
Furumura K, Ozaki N. Effects of maternal depressive symptomatology during
pregnancy and the postpartum period on infant-mother attachment.
Psychiatry Clin Neurosci. 2014;68:631–9.
5. O’Higgins M, Roberts IS, Glover V, Taylor A. Mother-chaild bonding at 1 year:
associations with symptoms of postnatal depression and bonding in the
first few weeks. Arch Womens Ment Health. 2013;16:381–9.
6. Figueiredo B, Costa R, Pacheco A, Pais A. Mother-to-infant emotional
involvement at birth. Matern Child Health J. 2009;13:539–49.
7. Edhborg M, Matthiesen AS, Lundh W, Widstrom AM. Some early indicators
for depressive symptoms and bonding 2 months postpartum: a study of
new mothers and fathers. Arch Womens Ment Health. 2005;8:221–31.
8. Takaya Y, Yamamoto A, Kobayashi Y, Nakaoka A, Katuda H, Nakagomi S,
Osaki F, Katada N. The effect of Hanshin-Awaji earthquake on the physical
and psychological health status of maternal-child and their on environment.
J Jpn Acad Nurs Sci. 1998;18(2):40–50 [Jpn].
9. Hibino Y, Takaki J, Kambayashi Y, Hitomi Y, Sakai A, Sekizuka N, Ogino K,
Nakamura H. Health impact of disaster related stress on pregnant women
living in the affected area of the Noto Peninsula earthquake in Japan.
Psychiatry Clin Neurosci. 2009;63(1):107–15.
10. Okano T, Murata M, Masuji F, Tamaki R, Nomura J, Miyaoka H, Kitamura T.
Validation and reliability of Japanese version of EPDS (Edinburgh Postnatal
Depression Scale). Arch Psychiatr Diagn Clin Eval. 1996;7:525–33 [Jpn].
11. Gandou Y, Muto T. Causal relationships between ante-and postnatal
depression and marital intimacy: from longitudinal research with new
parents. Jpn Assoc Fam Psychol. 2007;21:134–45 [Jpn].
12. Nakagawa Y, Daibo I. Japanese-language version of Manual of the General
Health Questionnaire. Nihon Bunka Kagakusya; 1985 [Jpn]
13. Kineko S. Support to a disaster area - The 1st report. In: Ayuko T, Hitomi K,
editors. The Japanese Journal For Midwives, vol. 68. 2014. p. 138–9 [Jpn].
14. Kineko S. Support to a disaster area - The 2nd report. In: Ayuko T, Hitomi K,
editors. The Japanese Journal For Midwives, vol. 68. 2014. p. 220–1 [Jpn].
15. Sakata A. Support to a disaster area - The 3rd report. In: Ayuko T, Hitomi K,
editors. The Japanese Journal For Midwives, vol. 68. 2014. p. 366–8 [Jpn].
16. Sakata A. Support to a disaster area - The 4th report. In: Ayuko T, Hitomi K,
editors. The Japanese Journal For Midwives, vol. 68. 2014. p. 444–5 [Jpn].
17. Kubo K, Goto K, Sisido M, Sakaguchi Y, Tazaki T, Ishidate M, Kusama M.
Effects of Niigata-chuetsu earthquake disaster on marital relationship,
mothers’ stress and children’s mental health, and clarification of support
needed. J Child Health. 2013;72:804–9.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Sato et al. BioPsychoSocial Medicine  (2016) 10:22 Page 6 of 6
